Acidic proteins were isolated from synovial fluid from two osteoarthritic and two rheumatoid arthritic patients and identified by MS. It was found that the most abundant protein in all of the samples was the mucin-like protein lubricin. Further characterization of lubricin from the different patients by LC (liquid chromatography)-MS of released oligosaccharides showed that the core 1 O-linked oligosaccharides NeuAcα2-3Galβ1-3GalNAc and NeuAcα2-3Galβ1-3(NeuAcα2-6)-GalNAc were the dominating structures on lubricin. The latter was found to be more prevalent in the rheumatoid arthritis samples, indicating that sialylation is up-regulated as part of the inflammatory response. In addition to these dominating structures, core 2 structures were also found in low amounts, where the largest was the disialylated hexasaccharide corresponding to the sequence NeuAcα2-3Galβ1-3(NeuAcα2-3Galβ1-3/4GlcNAcβ1-6)GalNAc. It was also found that a small proportion of the core 2 oligosaccharides carried sulfate. The ability of lubricin to present complex glycosylation reflecting the state of the joint tissue makes lubricin a candidate as a carrier of inflammatory oligosaccharide epitopes. In particular, it was shown that lubricin from inflamed arthritic tissue was recognized by the antibody MECA-79 and thus carried the sulfated epitope proposed to be part of the L-selectin ligand that is responsible for recruitment of leucocytes to inflammatory sites.
INTRODUCTION
Lubricin is a mucin-like molecule encoded by the PRG4 (proteoglycan 4) gene. The protein, also known by the name megakaryocyte-stimulating factor [1] and superficial zone protein [2] , consists of a ∼ 1400-residue apoprotein with a 500-aminoacid mucin domain containing 59 imperfectly repeated sequences of KEPATTP. This domain is flanked by a C-terminal haemopexin domain and two somatomedin domains at the N-terminus. The synovial variant of lubricin is secreted by multiple cell types present in the articular cartilage [2] , the meniscus [3] , the synovial lining [4] and the tendon [5] . The name lubricin highlights the functional aspect of the protein with regard to lubrication and chondroprotection, as demonstrated by the PRG4-knockout mice model which displays hyperplastic synovium and cartilage deterioration, with both leading to joint failure [6] .
The earliest characterization of lubricin was through the work of Swann and colleagues where it was found to be the lubricating component of SF (synovial fluid) [4, 7] , and contained 40 % (w/w) carbohydrate, predominantly consisting of Gal, GalNAc and NeuAc [7] [8] [9] [10] . The presence of mucin-type core 1 oligosaccharides with or without sialic acid has been confirmed on lubricin [11] , but not much else is known about its glycosylation. Although the name proteoglycan 4 indicates that lubricin is a proteoglycan, the evidence for this is either circumstantial or speculative on the basis of an altered migration of bovine lubricin in gel chromatography after chondroitinase ABC digestion [2] and the presence of a single putative CS (chondroitin sulfate) consensus attachment sequence, DEAGSG, at amino acids 210-215 [12] [13] [14] .
Lubricin has mucin-type properties such as the presence of a mucin domain (high content of proline, serine and threonine) that provides a scaffold for glycosylation, which affect its physical properties such as high viscosity and low friction. In addition, it has recently been shown that lubricin molecules are capable of forming intramolecular disulfide bridges, similar to the gelforming mucins such as MUC2, MUC5B, MUC5AC and MUC6 [15] . In the case of lubricin, this reaction appears to be limited to generating dimers of lubricin [16] , whereas, in the case of some mucins, multimers are generated [17] .
The main arthritic diseases of the joint, OA (osteoarthritis) and RA (rheumatoid arthritis), cause a considerable amount of pain and disability to those affected. Current treatment regimens have limited efficacy, therefore it is imperative to understand the biochemical factors related to these diseases in order to assist in early diagnosis and development of prevention and treatment strategies. Whereas OA and RA are very different in pathological aetiology and disease manifestation, a common symptom is cartilage degeneration that can be detected by the deposition of proteoglycan fragments into the SF. This nutritious fluid, produced mainly by the synoviocytes in the synovium, provides lubrication and nourishment via the secretion of growth factors, cytokines, proteoglycans and hyaluronic acid to the neighbouring articular cartilage. In addition, SF also contains a plethora of other components ranging from protease degradation products of cartilage extracellular matrix components such as cartilage oligomeric matrix protein, type II collagen and aggrecan [18, 19] to the influx of inflammatory markers and immune cells. With inflammation of the synovium being the significant difference in the disease manifestation between OA and RA, the development of HEVs (high endothelial venules) in RA provide the mechanism for recruitment of macrophages and leucocytes to the inflamed tissue. With the up-regulation of the HEVspecific sulfotransferase [20] and potentially other alterations to the glycosylation machinery due to inflammation of the synovium, mining the SF for the secreted glycoproteome from joint tissue is likely to provide insight into the mechanisms of progression of RA compared with the non-inflammatory OA. In the present study, acidic glycoproteins, including lubricin, were enriched from SF by DEAE anion-exchange chromatography and separated by SDS/PAGE. Proteomic and glycomic analyses were carried out by LC (liquid chromatography)-MS after tryptic digestion and after release of O-linked oligosaccharides respectively. The aim of the present study was to determine the main acidic SF glycoproteins present in OA and RA pathology and examine the changes in glycoprotein structure that may be indicative of disease.
EXPERIMENTAL
Chemicals were purchased from Sigma-Aldrich of highest analytical grade if not stated otherwise.
Enrichment of acidic proteins from SF
Human SF samples (two each from OA and RA patients) were obtained through Professor Nagata from Kurume University Hospital, Kurume, Japan, after the patients' written consent. All samples were stored at −70
• C until use. SF samples were thawed quickly before use and were diluted 1/10 in starting buffer consisting of 250 mM NaCl, 20 mM Tris/HCl, 10 mM EDTA (pH 7.5) and 0.01 % protease inhibitor cocktail. The proteoglycan-containing fractions were isolated by anionexchange chromatography [21] using a VP HPLC System (Shimadzu Corporation) and a 1 ml DEAE FF Hi-trap column (GE Biosciences). The acidic protein fraction was eluted with 1 M NaCl, 20 mM Tris/HCl, 10 mM EDTA (pH 7.5) and precipitated with 80 % ethanol for 16 h at −20
• C. The precipitate was collected after centrifugation at 4000 g for 30 min and air-dried.
Gel electrophoresis
Ethanol-precipitated pellets were reconstituted in 0.75 M Tris/HCl at pH 8.1, 20 % (v/v) glycerol, 2 % (w/v) SDS and 0.01 % Bromophenol Blue and concentrated using YM-100 Microcon filters (Millipore). Samples were reduced with 10 mM dithioreitol to 95
• C for 20 min, alkylated with 25 mM iodoacetamide (1 h) and applied to a 3-8 % Tris/acetate gel (Nu-PAGE; Invitrogen), electrophoresed at 30 mA per gel using Tricine/SDS running buffer (100 mM Tris base, pH 8. • C) for 16 h on a plate shaker and destained in 50 % (v/v) methanol or in 25 % (v/v) ethanol with 10 % (v/v) acetic acid. For Western and lectin blotting, the gels were transferred on to Immobilon P membranes (Millipore) using an ElectrophoretIQ TM semi-dry blotter (Proteome Systems) [22] .
Enzymatic deglycosylation of lubricin
A psoriatic arthritic patient SF sample was obtained through Dr Peter Youssef and Ms Dot Fowler of the Department of Rheumatology, Royal Prince Alfred Hospital, Sydney, Australia, after the patients' written consent. Acidic proteins were isolated as described above and dissolved in 50 mM sodium phosphate (pH 6.0). The samples (14 μl aliquots) were treated with 10 munits of sialidase A (Prozyme) and 2.5 m-units of O-glycanase at 37
• C for 16 h. The reaction was stopped by adding SDS/PAGE sample buffer described above with 10 mM dithiothreitol, and samples were denatured at 95
• C for 5 min before subjecting the samples to SDS/PAGE (3-8% gels).
Antibody and lectin staining
Proteins blotted on to Immobilon P membranes were blocked for 1-16 h at 4
• C in 1% (w/v) BSA in TBST [TBS (Tris-buffered saline) with 0.01 % Tween 20], and then incubated with primary antibodies or biotinylated lectins at the appropriate concentration diluted in 1 % BSA/TBST for 16 h at 4
• C. Blots were washed three times for 10 min with TBST and incubated for 1 h at ambient temperature with secondary antibody or streptavidin labelled with HRP (horseradish peroxidase). After three washes with TBST as above, excess Tween 20 was removed by three additional washes in TBS. Antibody and lectin binding were detected using Super Signal West Femto luminal enhancer solutions and stable peroxide buffers (Pierce Biotechnology). The primary antibodies used were anti-lubricin antibody 378 (0.01 mg/ml) (a gift from Dr Carl Flannery and Dr Aled Jones of Wyeth, Cambridge, MA, U.S.A.), anti-MECA-79 (1 μg/ml) (Roche Diagnostics), anti-(sialyl Lewis x ) (CSLEX1, 1 μg/ml) (BD Biosciences), PNA (peanut agglutinin) lectin (1 μg/ml) (Vector Laboratories), which detects Galβ1-3GalNAc. Secondary antibodies used were HRPconjugated anti-(mouse IgG) (1/50000 dilution) (Chemicon), HRP-conjugated anti-(rat Ig) (1/50000 dilution) (GE Healthcare) and, for lectin detection, HRP-streptavidin (1 μg/ml).
Protein identification
Coomassie Blue-stained protein bands in SDS/PAGE gels were excised and placed into wells of a 96-well microtitre plate. After repeated destaining [50 % (v/v) acetonitrile and 50 mM NH 4 HCO 3 ], the gel pieces were washed with 100 % (v/v) acetonitrile and were dried in an oven. Trypsin (15 μl) (sequencing grade modified; Promega) at a final concentration of 20 ng/μl in 50 mM NH 4 HCO 3 was added, and the plate was sealed and incubated at 30
• C for 16 h. After digestion, 10 μl of 50 mM NH 4 HCO 3 was added, and the wells were sonicated for 5 min. This process was repeated three times, and each sample was transferred to a new microtitre plate and dried down to 10 μl. Peptides were analysed by nano-LC-MS using an LCQ-DECA XP mass spectrometer (Thermo Scientific) [23] , and proteins were identified by SEQUEST using SwissProt/Tremble and NCBI (Homo sapiens, 2005 version) databases. Positive protein matches were assigned according to the criteria of at least two peptide sequences with manual inspection of tandem mass spectra showing at least four consecutive b or y overlapping ions, an Xcorr of >2.0 and a Cn of >0.1 [24] .
Oligosaccharide characterization
O-linked oligosaccharides were released by reductive β-elimination from the Alcian Blue-stained bands corresponding to the area were lubricin was detected. Bands were excised and dehydrated in a vacuum centrifuge (Eppendorf). Once dried, 50 μl of 1 M NaBH 4 in 100 mM NaOH was added to cover the entire gel piece and incubated for 16 h at 50
• C. Reactions were quenched with 1 μl of acetic acid, samples desalted and dried for capillary graphitized carbon LC-MS and LC-MS 2 in negative-ion mode [22] . Oligosaccharides were identified from their MS 2 spectra using the GlycomIQ module of GlycosuiteDB (August 2005, version 8.0, Proteome Systems) [24a] . GlycoWorkbench (version 1.0.3110, May 2008) was used for symbolic notation of oligosaccharides [25] .
RESULTS

Identification of lubricin as the major acidic protein in human SF
Proteoglycans are acidic proteins in SF that are believed to be important components which sustain lubrication and protect the cartilage in synovial joints. In order to compare the acidic glycoproteins from OA and RA patients, the retained proteoglycan-containing fraction of proteins separated by DEAE anion-exchange chromatography from each SF sample were collected [21] ( Figure 1A ). On the basis of the UV response compared with the flow through, it was suggested that the acidic proteins only made up less than 2 % of the total protein content in SF, and there was no apparent difference detected between OA and RA patients.
SDS/PAGE showed that all samples displayed a major component with an apparent molecular mass of approx. 350 kDa, stained with Coomassie Blue (protein) ( Figure 1B ) and Alcian Blue (acidic oligosaccharides) ( Figure 1C ). The latter indicates the presence of acidic-type oligosaccharides and/or sulfated GAGs (glycosaminoglycan) on this major glycoprotein. There appeared to be no other major distinct bands that stained with Alcian Blue in any of the samples ( Figure 1C ), whereas the Coomassie Blue staining showed that other acidic proteins were present in low abundance.
Individual bands were excised from the Coomassie Bluestained SDS/PAGE bands and subjected to tryptic digestion and subsequent identification of proteins using LC-MS 2 (Table 1 and Supplementary Table S1 at http://www.BiochemJ. org/bj/429/bj4290359add.htm). The main Coomassie Blue-and Alcian Blue-stained glycoprotein detected in the approx. 350 kDa band was identified as lubricin, also known as megakaryocytestimulating factor, superficial zone protein or PRG4 and is a mucin-like glycoprotein. This finding was consistent with an earlier characterization where it was shown to be a 345 kDa glycoprotein from cartilage extracts [2] . Only 6-10 % (19-32 % if the indigestible mucin domain is excluded) of predicted lubricin peptides were detected by LC-MS (Table 1) , predominantly from the C-terminus of the protein core. This low coverage is consistent with mucin-type molecules where the large mucin domain (tandem repeat sequence of KEPAPPTT in lubricin) generates a large heterogeneously glycosylated peptide impossible to analyse with conventional LC-MS 2 protein identification approaches. Sequences found in all four samples contained predominantly regions of exons 6, 7, 8 and 10, and a peptide from the N-terminal exon 3 was found in the samples with the highest abundance of lubricin ( Table 1 ), indicating that full-length lubricin was present in these preparations. Using antibody 378 against lubricin exon 3, it was confirmed that the lubricin identified from all OA and RA patients contained the N-terminus in addition to the C-terminus detected by LC-MS 2 ( Figure 1D ). The samples with the highest lubricin load (OA2 and RA2), showed additional bands at the 250 kDa and in the low-mass region (37-75 kDa), confirming that human lubricin may undergo post-translational modifications and cleavages. The low-mass fragments identified are potentially from the N-terminal region generated by a subtilisin-like enzyme, which are thought to occur as part of normal processing/turnover of lubricin [6] . These N-terminal region fragments appear to be of low abundance, since they were not identified by LC-MS 2 and were only visible by antibody staining, indicating that little cleavage is occurring, compared with the major component of full-length lubricin at 350 kDa.
LC-MS 2 analysis of the Coomassie Blue-stained gels confirmed that additional acidic proteins, including proteoglycans such as versican, aggrecan and lumican, were also present in SF ( Table 1 ). The commonality of these detected proteoglycans is that they all contain repeat sequences with oligosaccharides attached as CS, KS (keratan sulfate) or small O-linked structures, making them highly acidic and retained by the anion-exchange column. For a full list of proteins detected in the acidic fraction of SF see Supplementary Table S1 .
Identification of two forms of lubricin after sialidase/O-glycanase treatment
Since lubricin has been shown previously to contain core 1 Olinked structures with one or two additional sialic acids attached, the treatment of a combination of sialidase and O-glycanase should significantly lower the apparent molecular mass of lubricin in SDS/PAGE. The extensive sialylation of lubricin was confirmed by sialidase treatment of lubricin which was then found as a disperse band of approx. 70 kDa less than the untreated sample ( Figure 2A ). Sialidase treatment concomitantly exposed core 1 disaccharides of the O-linked structures on lubricin as detected by PNA lectin ( Figure 2B ). Further digestion with O-glycanase abolished the PNA reaction, and two lubricin bands estimated to be 225 and 250 kDa were detected. Using these approximate mass changes, the O-linked oligosaccharides can be estimated to contain approx. 30-35 % of the total molecular mass of lubricin, thus highlighting their significant contribution to the structure of lubricin. The presence of two isoforms of lubricin after the digestions indicated that the sialidase/O-glycanase treatment may not have removed all of the O-linked structures. 
MS analysis of O-linked oligosaccharides present on lubricin from OA and RA patients
In order to determine whether there were more complex O-linked oligosaccharides present on lubricin, the O-linked oligosaccharides were released from the SDS/PAGE-separated protein by reductive β-elimination and analysed by negativeion graphitized carbon LC-MS and LC-MS 2 . The dominating structures in all the samples (90-95 % of the total ion count of detected oligosaccharides) were the monosialylated and disialylated core 1 structures with sequences corresponding to Neu5Acα2-3Galβ1-3GalNAc (detected as an alditol with [M−H] − ion of m/z 675) and Neu5Acα2-3Galβ1-3(Neu5Acα2-6)GalNAc (detected as an alditol with [M−H] − ion of m/z 966) (Figures 3 and 4) . A small amount of an isomeric form of the monosialylated core 1 structure corresponding to the structure Galβ1-3(Neu5Acα2-6)GalNAc in one of the samples (OA2) was also detected (Figure 4 ). The reported unsialylated structure Galβ1-3GalNAc was only detected by PNA lectin blotting (Figure 2) as it was not retained by the graphitized carbon column of the LC-MS.
Thus all samples of lubricin contained the four core 1 structures suggested previously [11] . Interestingly, the lubricin isolated from the SF of the OA patients showed a higher relative intensity of the monosialylated species compared with the disialylated (Figures 3  and 4) . This suggests that the inflammatory stress of RA may Figure 1C ) showing differential expression of the major ions between OA and RA patients. Additional detected oligosaccharides can be seen in Figure 4 . Proposed structure as featured in each inset were created with GlycoWorkbench [25] . (B) Comparison of the MS intensities of NeuAcα2-3Galβ1-3GalNAc (white bars) and NeuAcα2-3Galβ1-3(NeuAcα2-6)GalNAc (grey bars) from the two OA and the two RA samples, including S.D. of the sample set.
Figure 4 Relative ion intensity of O-linked oligosaccharides detected by graphitized carbon LC-MS in arthritic SF samples
For a key to monosaccharide symbols, see Figure 3 . ND, not detected. MS data and structures have been submitted to the UniCarbDB database (http://glycobase.nibrt.ie/).
influence the sialylation of lubricin and implicates an increased activity of the α2,6-sialyltransferase. Without having access to healthy control samples, speculation of disease-related alterations of sialyltransferase activity in RA and OA cannot be made.
In addition to the core 1 structures, it was also found that the lubricin oligosaccharides could be extended further into core 2 structures which were seen at low abundance (Figure 4) . In all of the samples, 4-8 % of the total ion count of the detected oligosaccharides corresponded to a sequence corresponding to Neu5Acα2-3Galβ1-3(Neu5Acα2-3Galβ1-4/(3)GlcNAcβ1-6)GalNAc Figure 5 ) confirmed that they were monosulfated oligosaccharides with and without sialylation respectively. The low intensities of these ions meant that only limited structural information could be obtained concerning the linkage of these structures. With the presence of other core 2 structures in the samples, it could be speculated that the ions detected corresponded to sulfated versions of the core 2 structure Galβ1-3(Galβ1-3/4GlcNAcβ1-6)GalNAc. The addition of sialic acid to the higher-mass parent ion is consistent with the MS 2 spectrum (Figure 5B ), where the dominating fragment ion (m/z 829) is the loss of the sialic acid mass of m/z 291.
Oligosaccharides on synovial lubricin express MECA-79 epitope in psoriatic arthritis
Sulfated ligands (via up-regulation of HEV-specific 6-sulfotransferase [20, 26] ) has been shown to mediate L-selectin leucocyte rolling. Therefore an arthritic SF sample was probed with the anti-MECA-79 antibody (specific to part of the L-selectin epitope) by Western blotting (Figure 6 ). This showed that the lubricin-containing band was MECA-79-positive. However, using an antibody against sialyl Lewis x (specific to the fucosylated part of the structure of the L-selectin epitope), there was no staining of lubricin band. This is consistent with the type of oligosaccharides on lubricin detected by MS mentioned in the previous paragraph, since no fucosylated structures were detected. The data indicate that, whereas the MECA-79 epitope is indeed present on lubricin, it does not contain the full ligand for L-selectin (reported to be 6-sulfosialyl Lewis x ) [27] . Hence, the MECA-79 epitope and sulfotransferase may have a function in arthritic inflammation different from just the recruitment of leucocytes to the area of inflammation.
DISCUSSION
The identification of lubricin as the most dominant component among the acidic glycoprotein and proteoglycan fraction in SF was unexpected, as current arthritic biomarker research has been focused on the detection of the GAG and protein content of proteoglycans such as aggrecan. With the knowledge that lubricin is important for joint lubrication, it is tempting to speculate on the significance of the finding of lubricin as a major SF constituent. As a boundary lubricant covering the cartilage surface, one of the first stages of arthritic disease involves the compromised integrity of cartilage through fibrillation of the cartilage surface [28] . Chondroprotection is one of the functions of lubricin and therefore the changes and loss of lubricin at the cartilage surface could occur before the loss of aggrecan, collagen and other components from the cartilage extracellular matrix just below the lamina splendens. Thus lubricin in diseased SF could be a mixed population of secreted lubricin molecules and detached lubricin that were associated previously with cartilage and synovium surfaces.
MS analysis of the glycosylation of lubricin has revealed that there are at least nine different O-linked oligosaccharides residing on lubricin, including disialylated core 1, disialylated core 2 and sulfated core 2 oligosaccharides. Previous descriptions of lubricin glycosylation have been performed describing only a core 1 disaccharide and sialylated trisaccharide [11] . The present study offers a more sensitive and detailed description of O-linked oligosaccharide structures on lubricin with the use of analysis of the oligosaccharides released using graphitized carbon LC-MS. The higher proportion of the disialylated tetrasaccharide compared with the singly sialylated trisaccharide in RA samples in contrast with OA samples has biosynthetic consequences. The disialylated structure NeuAcα2-3Galβ1-3(NeuAcα2-6)GalNAc is considered to be a 'dead-end' structure because it cannot be modified any further by glycosyltransferases in the Golgi [29] . The presence of increased amounts of sialylated structures suggest a shift towards higher expression levels of sialyltransferases, which can shunt the biosynthetic pathway away from core 2 oligosaccharide biosynthesis towards oligosaccharide extension termination ( Figure 7 ). This shift towards core 1 synthesis would lead to shorter and less diverse oligosaccharides, which would dominate the overall glycosylation profile. Considering the results in the base peak LC-MS (Figures 3 and 4) , there were fewer oligosaccharide types and shorter structures in the RA samples compared with the OA samples. In addition, more than half of the total oligosaccharide population in the RA samples was composed of the disialylated core 1 oligosaccharide. This change to a less complex type of O-linked glycosylation is a hallmark of human malignant states such as cancer and inflammation, in which mucins from diseased tissues exhibited higher sialylation compared with mucins from normal tissues [30] . Altered sialylation is also shown to occur in other glycoproteins in RA such as fibronectin [31] and IgG [32] . In the case of the latter molecule, it has been speculated that sialylation on the Fc portion of IgG may lead to a protective and anti-inflammatory effect on the autoantibody pathology in RA [33] . An increase in disialylated structures can increase the negative charge density within the glycosylated domains in lubricin and thus can also have other functional implications. Other researchers have shown that lubrication is not totally dependent on sialic acid and that its removal did not impair lubrication [11] . However, if there are relatively more sialic acid residues, lubrication may be enhanced through an increase in repellent charge forces due to the increase in negative charge around lubricin [34] [35] [36] . Thus in RA, increased sialylated lubricin may be a response to combat disease progression by increasing the lubricating ability of lubricin on cartilage surfaces, or in OA, the decrease in sialylation may impair the lubrication and exacerbate the disease. The validation of this speculation on the effects of altered sialylation is currently under investigation in our laboratory.
The detection of the sulfated core 2 oligosaccharides in OA may be a result of the regulation of the α2,6-sialyltransferase reflected in the increased sialylation of core 1 oligosaccharides seen in RA compared with in OA (Figure 3) . A down-regulation of this sialyltransferase would allow more core 1 oligosaccharides to be extended into core 2 oligosaccharides in OA, which could then be sulfated (Figure 7) . Sulfated O-linked oligosaccharides have been shown to have roles in cell signalling, adhesion and inflammation, and our finding of sulfated epitopes on lubricin will lead to further investigation into the presence of such sulfated oligosaccharide epitopes on lubricin as markers for inflammatory conditions.
It was also found that the epitope MECA-79 (but not sialyl Lewis x ) is carried by lubricin. MECA-79 is a subset of the Lselectin ligand structure with a minimum requirement for MECA-79 binding as GlcNAc-6S [27] . Fucosylation of L-selectin ligands regulates leucocyte rolling along endothelial cell surfaces [37] and thus the fucosylated sialyl Lewis x L-selectin structures align the path from lymph nodes and blood vessels to help leucocytes travel to the localized sites of inflammation [38] . The function of sulfation of oligosaccharides in inflammation is unknown and the non-fucosylated sulfated oligosaccharide structure exhibited by lubricin may be unique to inflammation of the joint tissues. Further functional studies are needed and are being carried out to determine the functional importance of this modification in arthritis.
AUTHOR CONTRIBUTION
Ruby Estrella performed the experiments with John Whitelock as the main supervisor for protein isolation and Western blotting and was also responsible for sample collection together with Nicolle Packer. Niclas Karlsson supervised and interpreted MS data and glycosylation and prepared the paper. All authors contributed to the experimental design and editing of the paper before submission.
SUPPLEMENTARY ONLINE DATA
The glycosylation of human synovial lubricin: implications for its role in inflammation 
